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subject: 3B* 2 I/O Bus: lequiras»ents Re-release d.te: December 30, 1983 



from: P. M. Walsh 
IW 45134 
1F-455 x7281 



This is a re-release of the document "3B2 Component Requirements and 
ipe?if!c5tions: I/O Bus", dated March 7, 1983. The major areas of change from 
the first release involve: 

• Width of ID/Vector Register changed from 8 bits to 8 or 16 bits, depending 
on peripheral width. 

• Autoconfiguration section updated to mention System Board assigns interrupt 
vectors after a reset. 

• Mechanical Specifications section updated to specify two widths of I/O 
boards . 

• Bus arbitration scheme modified and several new specs and figures (Figures 
11a, b and c) added. 

• Interrupt acknowledge scheme modified. 

• Performance Objectives section added: 

1. Bus bandwidth and efficiency requirements set. 

2. Critical events of each cycle discussed. 

3. Effects of new bus arbitration scheme on performance discussed. 

• Interrupt levels assigned: 

1. PINT[2]0 now reserved, . 

2. PINT! 1]0 explicitly slotted for high bandwidth peripherals and 

3. PINT[0]0 explicitly slotted for low bandwidth peripherals. 

• Figures organized and renumbered 
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. Several timing .pec. changed (e.g. bus .kew increased from 30 to 40 nsec). 
. Multiple .cces, limit changed from 102* to 64 mx tr.n.fers and at ^st 125 
usee, on bus. 

. Added fibres for re.et timing <Fi|»re 10) .nd CM195 I/O boards (Fibres 

16a, 16b and 16c) 
ft Reference to sanity failure on System Board removed. 
« Discussion of IEEE 796 peripherals removed. 

. Peripherals limited to 2 inputs and 1 output as opposed to 2 inputs and 2 
outputs. 

• Figure 12 (was Figure 13) redone based on changes in bus loading. 

. lol of .11 open collector nets now must meet max of 40 -A. (This change 
also reflected in new Figure 13.) 

• System Board allowed 4 I/O loads on PD bus. 

. specify hold time on address and data as 10 (50) nsec at slave (master). 

. Allow 3 input loads on PBACK10 and PIAKIxO and use Schottky driver for 
both. (Previously only PBACK0 required Schottky.) 

• Change spec on deassertion of PBUSY0. 
IW-45134-PMV-unix P * M * W * Uh 
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Interna J Memorandum (IM) 



1 . INTRODUCTION 



Fiture 1 oresents a block diagram of the 3B 2 System Board. As shown, it 
conUin! P I dXl portea »ain%*mory; the microbus is tied to one port while the 
asynchronous I/O Bus is tied to the other. The microbus provides a 
communication path between the System Board CPU (WE*-3200G; and several on-bo.rd 
components including main memory. On the I/O Bus side. • ™»£? r 8 f c 

optional peripherals attach. ' This document serves as the requirements anc 
specifications of the I/O Bus. 

Section 2 of this document presents a brief overview of the I/O Bus followed by 
a discussion of the two types of peripherals. A functional Ascription of the 
1/0 Bus is presented in section 3 and includes such issues as data transfers, 
bus exchanges interrupts and error handling. Electrical and mechamca, 
re^uire^llollow in sections 4 and 5 while a discussion of performance is 
presented in section 6. A summary completes the document. 



2. I/O ARCHITECTURE 



2.1 I/O Bus Overview 



The 1/0 Bus, which has a 16-bit data path and a 24-bit address, " Jested to 
meet the requirements of a wide range of system configurations Both e ght and 
Sixteen Dit peripherals are supported as well as single and multiple da .a 
trails p?r cycle. VarioS? other types of operations are a so poss.b 
Although any peripheral can be a master or slave (or bo.h), the> are or..> 
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allowed to access the System Board'* Min memory; a peripheral responds to chip 
•elects generated on the System Board as opposed to decoding addresses. 

2.2 Peripheral Types 

There are two classes of 3b2-native peripherals: programmed and intelligent. [ 1 1) 
12) A^y p^ipheral can be 8 or 16 bits wide and occupy either 1 or 2 slots in 
ihe I/O Bus backplane. While the I/O Bus does not inherent y support any 
iSdVtry standard bSs (e.g. IEEE 796 Bus), a forthcoming Co»em. Bu. Adapter 
(CBtf can be used to interface commercially available peripherals to the SB 2. 

J^A»U^:..r.ll, slave devices .responding to ^structions 
Merited by the System Board CPU. Such I/O boards have the capability of 
interrupt i ng the CPU ind/or becoming bus master, to access .am memory (only 
after being "programmed" by the CPU). 

A major difference between programmed peripherals and intelligent Peripherals 
(dTtcussed next) concerns their respective interfaces to the System B o«rd CPU. 
The CPU for example, can at times touch a programmed peripheral s "J"™ 1 , 
components (i T a passive access). Conversely, communication between the CPL 
ar7inteiligeni peripherals is primarily achieved through queues in main memory. 

Those programmed peripherals which can be a bus master are also responsible for 
oreventinl a deadlock resulting from the CPU attempting a passive access while 
tne parUcuiar peripheral attempts to use the I/O Bus. (Such P*"^" 1 *"*" 
car. take advantage of the fact that the peripheral can only use the I/O Bus to 
access main memory.) 

Finally, both programmed and intelligent peripherals shall contain a read-only 
» lister defining the particular I/O board's type size occupying either^ 
or 2 physical slots), access requirements, etc. and will be located at the same 
relative address on all peripherals. 

•a simple telephone controller (with auto dial and a modem interface) is an 
example of a programmed peripheral. The System Board CPU would send it 
Instructions luch 2 specifying Synchronous or asynchronous mode, baud number 
ir^rp:? eSirlctlr.^tc/ In .edition the Peripheral wou d wait to be polled 
or use interrupts to interface with the System Board CPU. At any rate, an on 
board microprocessor is not necessary. 

• local CPU »PJ-/^r-^| ve i°»i 1 - 

Toils' Usages for Vgiven peripheral in a designated regues Q«ue whw e the 
peripheral returns messages via the corresponding complt.ton f^'^- 
"Attention" interrupts are used to bring a nonempty queue to the »^* n J 10 * °; 
the oJher CPU . Finally, intelligent peripherals may autonomously ^eract v tn 
the Svsterc Board CPU but may not directly interact with each other. asm 6 
qteue "make it no longer necessary for the CPU to reach into a J«»pher.l over 
the I/O Bus. Consequently, there is never a possibility for a passive access 
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D*ts lints. 



be accessed. PPA[00)1 is the least significant bit while 
PPAl 23-22)1 are reserved for future expansion. (Table 1 in the 
"Peripheral Data Path to Main Memory" section illustrates the 
use of the least significant address bits and data strobes.) 



Peripheral Data (tri-stat-e) 

These 16 bidirectional lines transmit and receive information to 
or from the established master and slave. PD 15)1 is the most 
significant bit and only lines PD107-00) (byte 1 on I/O Bus) are 
valid for 8-bit peripherals. 



Control lines. 
PBUSYO: 



PCS[ 15-01 ]0: 
PCSO: 



Peripheral Busy (tri-state) * . . . , ft .„ 

This unidirectional signal is activated by the peripheral after 
receipt of bus acknowledge (PBACKIO) and held active during the 



entire bus cycle 
ssultiple accesses 



The purpose of PBUSYO is to facilitate 
by the same bus master without relinquishing 
controTof'tne'bus between data transfers. For example, up to 
6* data transfers' between a peripheral and main memory may 
occur during 1 bus cycle*; PBUSYO is held active for entire 
cycle. 

Peripheral Chip Selects (totem-pole) 

These 15 lines originate from the System Board and ^e fanned 
out to 15 unique chip selects, one for each of the 12 3B 2/*00 
peripheral connectors and the remaining 3 for future 
Enhancements (e.g. accommodate a Commercial Bus Adapter CBA). 
(As indicated in Table 7, each peripheral refers to its 
Peripheral Chip Select as PCSO.) One of these mutually •"elusive 
lines (i.e. no broadcast addressing mode) is «ctive when the CPL 
references a peripheral. Although a given PCSjijO is generateu 
by the System Board's address decoder, the main "emery 
controller/arbiter dictates its propagating onto the I/O Bus. 
thereby causing the appropriate PCS[i)0 (PCSO; to be activated 



2. The System Board CPU accesses main memory through its own port on the 
microbus side. 

3. Read, write and interlock operations may be combined within the same bus 
cycle. 

* As discussed in the "Error Detection and Handling" section, a time limit 
«isVs on the length of an individual data transfer as well as on the entire 
bus cycle. 
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•Ions with PPA(23-00)1, PR1V0 and PLOCKO. 



PDSM-030: 



PDTACKO: 



PLOCKO : 



PPASO: 



PR 1 WO : 



PSIZE160: 



RQRSTO : 



SYSRSTO: 



Peripheral Date Strobes (tri-state) 

These 2 bidirectional lines allow the bus master to select which 
bytes of the 16-bit PD bus are to be valid during the 
transaction; PDStUO is associated with I/O Bus byte 1, PDS[0]0 
is associated with byte 0. A negative transition is applied by 
the bus master to indicate valid write data or to cause the 
slave to gate read data onto the I/O Bus. 

Peripheral Data Acknowledge (open-collector) 

Peripheral data acknowledge, a bidirectional signal, is 
activated by the slave to indicate receipt of valid write data 
or to indicate valid read data on the PD bus. 

Peripheral Memory Lock (tri-state) 

PLOCKO is a unidirectional signal that the bus master uses tc 
indicate an interlock (read/modify/write) cycle. Interlocks 
over the I/O Bus may be established in only one direction: 
peripheral to main memory. 

Peripheral Physical Address Strobe (tri-state) 

This line (bidirectional, generated by master) indicates a vend 
phvsical address on the address bus. The timing requirements o. 
several other I/O Bus signals, in addition to PPA.23-00,1, are 
defined in relation to PPASO. 

Peripheral Read-Write Signal (tri-state) 

This line (bidirectional, generated by master) indicates whether 
a read (HIGH) or write (LOW ) transfer is in progress and is 
recognized as valid on the activation of PPASO. 

Peripheral Size (open-collector) 

This signal specifies a particular peripheral's bus interface as 
either 8 (HIGH) or 16 (LOW) bits wide and as such is routed tc 
the bvte rotate unit on the System Board. As a 16-bit bus 
master, a peripheral generates PSIZE160 immediately after 
obtaining the bus (i.e. on receipt of PBACK10). Conversely, as 
a slave the peripheral will return PSIZE160 on chip select 
(PCSO). An 8-bit peripheral need not drive PSIZE160 inactive 
(HIGH) since this signal is open-collector and pulled HIGH. 

Request System Reset (open-collector) 

This line, originating from each peripheral and routed tc the 
CPU, allows a peripheral to reset the entire system. Although 
t w .»'u«e cf this capability will be necessarily iimitec. a 
tvpical application would be the resetting of a remrte nooe or. a 
computer network. (Refer to Figure 10.) 

System Reset (totem-pole) 

System reset is activated on system power up, by a manual reset 
switch, vie software setting the "System Reset Request bit in 
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the Control and Status Register (CSR) 13], or indirectly by 
other devices (vie EQRSTO). When activated, ell peripherals 
initialize. (Refer to Figure 10.) 



Bus exchange lines. 



PBRQf : 



PBACKO: 

PBACKIO: 

PBACKO0: 



Peripheral Bus Request (open-collector) 

PBRQO is shared by all peripherals to request I/O Bus usage on 
route to accessing sain memory. The arbiter (on the System 
Board) will grant the bus to a peripheral with the bus 
acknowledge signal. (As discussed next, the bus acknowledge 
signal is daisy-chained through all peripherals.) Once bus 
master, a peripheral must remove PBRQO in "sufficient" time 
before the end of a cycle to ensure that the arbiter doesn't 
rearbitrate and possibly reassert PBACKO. Conversely, a 
peripheral may keep PBRQO active after the current transfer has 
ended to request another bus access. (See "Multiple Bus Access" 
section. ) 

Peripheral Bus Acknowledge (totem-pole) 

The arbiter on the System Board generates PBACKO to indicate 
that a peripheral may gain access to the I/O Bus and removes it 
when it detects the acknowledged peripheral's assertion of 
PBUSYO. It is daisy-chained among all peripherals and thus the 
priority of a given device, which is actively waiting for bus 
access, is determined by its physical position in the chain. 
(Refer to the "Bus Exchange" section for a further explanation 
of I/O Bus arbitration.) The bus acknowledge signal entering a 
given peripheral is referred to as PBACKIO while the 
corresponding exiting signal is PBACKO0. Note: care must be 
taken to ensure an unbroken chain from the System Board to the 
last peripheral; every peripheral which does not use the bus 
request signaJ will tie its PBACKIO and PBACKO0 signals togetner 
and no two peripherals may be separated by an empty I/O slot. 



Interrupt lines 
PINTL2-030: 



PlA>:;2-0]0: 
P1AKI [2-0]0: 
P1AKOI 2-0)0: 



Peripheral Interrupt Requests (open-collector) 

PINT[2-0]0, shared by all devices on the I/O Bus, provide three 
dedicated system interrupt levels; PINT[2)0 is reserved and 
PINT! 1)0 is the higher priority of the remaining twc . A 
peripheral can use at most one of these two remaining levels. 
f:ak:2-0jC are the corresponding acknowledges. 

Peripheral Interrupt Acknowledges (totem-pole) 

As a result of PINT[i)0 being activated, the CPU will eventually 
acknowledge this specific level with PlAK[i]0. Since all 
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peripherals share the »ame three interrupt level*. the 
corresponding acknowledgements are daisy-chained among their. 
PlAKI[2-0]0 refers to the input acknowledgement signals while 
P1AKO12-030 refers to the outputs of the chain. When a device 
that has requested an interrupt receives the particular 
PIAXItilO. it prevents the acknowledge from propagating any 
"rSlr down the chain (i.e. PlAKO[i]0 held injctxv, O 
Converselv, a 'noninterrupting device passes PIAKIiO] or, to the 
next device in the chain. Finally, the System Board will remove 
P1AXU)0 on receipt of the interrupting devices assertion of 
PDTACKO. 



Error /reporting Jines. 



PFAILO: 



PFLTO: 



a peripheral 



Peripheral Board Fail (open-collector) 
PFAILO, shared by all peripherals, is asserted by 
upon board failure such as sanity fail. 

Peripheral Bus Fault (open-collector) 

A bidirectional line. PFLTO, is asserted by the slave on 
detection of an erroneous operation such as parity error or bus 
timeout (as in case when the System Board is the *l« v e>; J 
peripheral must end the cycle on PFLTO (as with PDTACKO); PFLTO 
has the same timing specifications as PDTACKO. 



Power and Ground. 

VCC: 
V12P: 
V12N: 
CRD: 
VBKUP : 



+5 volt power 
♦12 volt power 
-12 volt power 
system ground 
+3.0 volt battery 



1 "layer" of multilayer backplane 

1 1 ine 

1 line 

1 "layer" of multilayer backplane 

1 line 



During periods of no AC power, VBKUP affords 3.0 volts ^ tnos 
10 ua> to each peripheral for at least 30 days and wl: have a 
lifetime of at least 5 years. [3) During normal operation, VBKw. 
sustains 5 volts. 



4 1.2 Peripheral Data Path to Main Memory 



A peripheral can be 8 or 16 bits wide while main memory is 32 bits wide. Five 
sTnals combine to select which byte(sl) of a J-byta J*. £'5.!.' D v t e 

accessed. Since the I/O Bus has a 16-bit data bus a J* £^? B ;;, e * "'r 

car be transferred in a single transaction. The following dis^ussio.. re.e.s u 

Tabies " and 2. 

Sixteen bit peripherals drive PSIZE160 LOW and use th« ; data strobes tc indicate 
which bvte(s) of data it is interested in. Address bit PPA.Ui.i con.rois 
Sither the I/O Bus is tied to main memory bytes 0 and l or to bytes and 3 
PPALO0J1 is ignored by the memory controller. Note: Table implies tha. for 
the ca It wiere just one data strobes is active, only one byte is returned from 
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TABLE 1. Sijnificance of Data Strobes 



PSIZE160 


Address 

rpxioi ]1 


bits 

PPAlO0]1 


data 

PDS10J0 


strobes 

pdsh jo 


▼•lid bytes 
■eaory I/O 


16-bit 
0 


- 0 


X 


0 • 


0 


U, 1 


n 1 

V * 1 


0 


u 


A 


V 


1 


0 


0 


b 


0 


X 


1 


0 


1 


« 

1 


o 


0 


X 


1 


1 


illegal 




V 

o 


1 


X 


0 


0 


2,3 


0,1 


n 

V 


1 


X 


0 


1 




o 

V 




1 


X 


1 


0 


3 


1 


0 


1 


X 


1 


1 


illegal 




8-bit 














0 


0 


X 


0 


0 


1 




0 


1 


X 


0 


1 


1 




1 


0 


X 


0 


2 


1 




1 


1 


X 


0 


3 


1 




x 


X 


X 


1 


illegal 





Notes : 

x • don't care 



TABLE 2. Relationship of Bytes and Bits 



Byte 


Bits 


Main Memory 


0 


31- 


24 


1 


23- 


16 




2 


15- 


•8 




3 


7- 


-0 


I/O Bus 


0 


15- 


-8 




1 


7- 


-0 



Notes: 

Bit 0 is the least significant bit. 

main memorv on a read. The memory controller, however, will always ."turn a 
16-bit half word over the I/O Bus, but only check parity on the appropriate b>te. 
Fin £ Ily, not asserting either of the data strobes will result in a bus timeou. 
failure. 



Eight bit peripherals are tied to byte 1 (bits 7-0) of the I/O Bus 
drive P522E160.* Address bits PPA[01-00;i select the byte whue 



and 
the 



dc 
1 



NT" 
deti 
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.trobe PDSM10. i* needed for protocol timing purpote$. (PDSlO)O ii ignored by 
Jhe memory eoiuolltr.) Although the use of PPA[00]1 end PDSMJO is redundant 
performance is improved; PPA[00)1 is available at the sieve (memory controller) 
before PDSlUO, allowing it to address win memory that much eerlier in the 
cycle. Hot asserting PDSlUO will yield ■ bus timeout failure. 

3.3 Bata Transfer Operations 

Por the discussions that follow, several timing diagrams ere referenced. In all 
easel, each is presented from the perspective of the slave device. As an 
example, the timing for a read of main memory by a peripheral is seen at the 
System Board Connector (the connector which mates the backplane to the Systerc 
Board, also referred to as the I/O Expansion connector.) The notation used in 
these timing diagrams is: 

minimum time in nanoseconds / maximum time in nanoseconds. 
Peripheral Read of Main Memory {Figure 3) 

A read of main memory (slave) by a peripheral begins with its request of the I/O 
Bus (PBFQO). On receipt of bus acknowledge (PBACKO), the peripheral (now 
master) asserts the bus busy signal (PBUSYO) causing the arbiter to remove 
PBACKO. The peripheral starts the data transfer by gating the physical address, 
read/write (HICK for read), peripheral size and inter lock ( »n.ctjv.) signals 
onto the bus. Once these lines are stable, the physical address "robe <*?AS0, 
and data strobes (PDSi 1-0j0) follow.' PBRQO shall be removed after the data 
transfer operation has started (i.e. after PPASO has been asserted and PBACKO 
has been removed). 

Activation of the data strobes precipitates the slaves ^in.^^./ 0 ;^ 0 "'^' 
in this case) gating of data onto the bus. When the date is .stable, the slave 
asserts data transfer acknowledge (PDTACKO), allowing the pe™P h " 81 t0 
the data. The peripheral will subsequently drive HIGH the address and data 
strobeV.nd the buYy signal before tri-stating all signals it had been drivinj 
The main memory controller will remove PDTACKO and the data on removal of the 
data strobes. 

Peripheral Write to Main Memory {Figure <) 

The bus request/grant syndrome is identical to that for the above read P^ocol 1 
After PBACKO and PBUSYO, the physical address, read/write LOU) P«iphera, 
and interlock (inactive) signals are gated onto the bus followed by PPASO after 
the required set up time. Also after PBACKO has been received, the periphera. 



5. PSI2E16C is open-collector and pulled HIGH; an 8-bit peripheral, therefc 
never need drive PS12EI60. 

6. PBUSYO can be asserted as late as when PPASO and PDS[1-0]0 are asserted. 
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I,ates the write data onto the bus. 

After the data is stable, the peripheral asserts the appropriate con.bin.lion of 
i.U mooes tl indicate the vSlid byte(») of data on t e us. Jj ^ 
win .Uory controller "accepts" the data and •ctiv.tes PDTACKO. Thi. causes 
the SasteV (peripheral) to drive FBUSYO, PPASO and PDS[ 1-0)0 HIGH before tr i- 
lUtine these along with the address, data and status signals. PDSl -0)0 go ng 
ilcLSuS! thi .live to remove PDTACKO . (Data can optionally be l.tcheo on the 
falling or rising edge of PDSl 1-0)0.) 

CPU Read /Write of a Peripheral {Figures 5 and 6) 

These operations are very similar to those when a peripheral was bus master. 
The differences are: 

1. The CPU's arbitration for the bus is not evident on the I/O Bus (no 
flopping of PBRQ0/PBACK0). 

2 One of fifteen Peripheral Chip Selects (PCSl 15-1)0 -> PCSO) becomes active 
Unifying one peripheral) along with the address, read/write and 
interlock signals. 

3. The CPU doesn't drive PBUSYO. 

U The addressed peripheral returns PS12E160 on receipt of PCSO (as opposed 
to generating* PS12E160 along with the address, etc. as when it was bus 
master) . 

As before, PR1 WO differentiates between a read and write operation. 
Peripheral Interlock with Main Memory {Figure 7) 

An interlock operation is the uninterruptible sequence of a read of main «^>' 
bv a Peripheral,- modify the data read and then write it back to the same 
^cation in main memory - all within a single bus cycle. Such operations are 
generally used in the implementation of semaphores. 

The orotocol for an interlock operation is that of a read followed by a write 
with* one^xception; the PLOCKo'signal , which has same timing speci ica io s 
as PPA? 23-0011. PR1W0 and PSIZE140, is active for both the read and w. ,te. 
I though the same address is used for both operations, it must be valid for be h 
^e r«d and tU write. (As a side note, an interlock operation can b ; J 
simulated within a multiple bus access cycle if desired. Refer to the Mu.upie 
Bus Accesses" section.) 



7. The CPU can not establish an interlock with a peripheral or vice versa 
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3.4 But Exchange 

The mi. ~«ry on the ».«-.^'j^,H?ti^^"^»l-' W (^ 
12000) i. tied to one port »h le the 1/0 »ui " « controls 

to Fitore. 1 end 2.) An .rhitr.Uon •i" "iodie.Uy refre.hint win 

SSS!' ViSdEKZ 'S.U c°.S on?"."... L»ry. the .rhUer 

als% controls I/O Bus mastership. 

~A»y,p,riph,r.l ..y beeo»e I/O »u, »J»r .nd th "^•^• ( ^«g5 
Peripheral Bus Request (PBRQO) and J er r£ s ooe n-collector signal that 
A peripheral publicly requests the o v ^ p BRQ0. an open col I pBACK0 

i, P shared by .P»»g|J" .T^ pher.l! I peripheral defers to it, input 

which is ^»y. c S;5 Be ; *Sa»I0 iid'Itl outpu t PBACKO0. While bus master, it 
•cknowledge signal as PBACKIU ano lis . h hain> Furthermore, 

»ust not allow PBACKOO propagate to d !;^ p { n Mother's bus mastership, 

a peripheral may not glitch ™CKOO or P"« P PB ACK0. the latency 

Finally, for the case when a PJ"P£'J> » ^ ^nanoseconds ; one Schottky gate 
X («: C g KI SN7i°S32) BA plSf nigh? 1 though two connector pins and on board 

wiring. (See Figure 14.) 

Tr.dltS.»> d.isy-ch.in ""-^ ''j" \% ZR^V™^™™* 
Civen .n .synchronous bus (such .s J b « » * ^iphertl. Consequently. 

pbroO active regardless of the state ox any w^ 51 k *• 
PBACKIO and PBRQO of a peripheral are asynchronous events. 

Conceivably PBACKIO and PBRQO J^^^^^^^rn "es^two^nais «"?o 
preventing glitches and the like from o ™^ in S ^ r ncre.ses the latency 

? CCUr JsroO E'&cEo (sine IroicK^toSSloO^. delved at each peripheral 
wh!ch c B an°be signiJicSntiSr 'peripherals near the end of the daisy-chain. 

The philosophy of 3B 2 I/O Bus Tbitr.tioj. deviates fro. this approach. ^^In 
particular, a peripheral may not drive PBRQO " inactive, delay 

Instead, the peripheral must hold off ""^1 it sees F bkw g ^ 
momentarily (minimum of 130 K n J^ s «° n ^ r iD S^ C \ 0 , e e the inactive PBRQC . ) 
guarantees a window large enough for 11 PJ^PjjJJ 1 ^ $ees PBRQO go inactive. 

r!s 'eoSUKrti ro X ^ea 8 d S and en d:ive in6 PBRQO d after the f orementioned delay. 
Refer to Figure 11c. 



8. A DMA subsystem located on the System Board, shares one port with the I/O 
Bus peripherals. 

9. Patent pending. 
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Given the independence of the ^iPS-Si^.^it:^^^!^' S'IrbSE 
PBRQO «t different ti»es - »11 within • finite wou .ending out 

consequently, wst t u.r.ntee • I - ?iS r i;S d F 5J?i D h5?iu enough U-* to sample and 
PBACKO. This del.y allows .11 i^ere»ted pe rxph « r J" J™ * illustrated by 

■wse the bus . ) 

Hot, th.t thi. del.y U r^^TS^tKUrtiur^'t** S'lJiiU, 
d.leyed on the Sy*"» Bo.rd bef "i^ 0 " w" then. MACKO wi 11 cone out 
doesn't ".ee" PBBQO until 1 cycle U« • ""J™*^,;" groover, this del.y is 
1 cycle Jeter es fer as peripherals ere re „ B i„s 
inset-ted only vithin the t r.t ' "o the er"ter effectively 

^.rr-.rSSST-li to r i.in'i;Jy';or.onW5.vic,s (..,. the «- 32 000). 
•y »,uirin £ e.ch ,/0 »u, device to be . "jood citizen" .^orityj. distributed 

s.'.^ 1 ;:. s:-»r :~ u . > . ,. ^^^^^ 

cluster finishes its cycle, »t likewise may not Jttenpt 10 presents 

l o« r» ^.^u.'ioiUd b? ti-ih, 

diagrams in Figures lib and 11c. 

Ko »: the circuit in Figure Its uses an *^ 0 jXior\%rZ% ^Qo' F Other 
requirement -delay *°**™™»« '*0 °w» con** bet ™f iuh J % for exampIe 
realizations are PO'**ble. If **/°Y y Edified to guarantee the peripheral 

11a would then provide the required delay of PBRQu assertion. 
The following protocol shall be observed: 

,. a peripner.l -ill »teh for PBKOO to t o inective. del.y — .Lrily. 
assert PBRQO and then wait for PBACKIU. 

X^^Xl^t Si. ^K00-i^to'Sbt.5nV'b^ 

3 The bus -ester vill st.rt its bus cycle es mentioned previously: PBUSYO. 
PPA*23-O0ji, etc. followed by PPASO. 



,0. Once PBHQO S oes in.ciive . cluster of peripher.ls .ill drive M 

active and wait in line for PBACKU. 
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PPASO has been asserted. (Containing fbacku * x 

peripheral to use PBRQO to blocK PBACKO from propagating.) 

5. By the end of the cycle, the peripheral should have r«oved PBUSYO, 
allowing the arbiter to grant the next bus mastership. 

microseconds . ) 

3.5 Multiple Bus Accesses 

More than one • data transfer (bus * ^^U^iSr^thout bus 

is not capable of multiple accesses over the I/O Bus.) 

particular, a cycle starts as a nor / Baster has 

'!«k; b ur:.. Sir.!; sjs. ? h . i« •„. „ d KJ u.r.for. 

perform several uninterrupted data transfers. •* 

The l«n E ths of the entire bus cycle end ..rtj^jt. tr.«fjr .tall b. 
sections . ) 

3.6 Interrupt Operations 

Lacr, peripheral has the opportunity to i.t.jnjjt the Syste* 'J'^ 

Intellieent peripherals, for example, use ,n ""J pl cpu Ihree Peripheral 

laUnS^jST^i" B t"e1/C CP B U us. therehy W-ti, 



11. PFLTO is also generated on a parity error. 

12. Transparent tc the current bus master the arbiter may '^0^0^ 
the bus cycle to force a main memory refresh. Such a p.eeraption 

occur on an access boundary. 
13 Although each transfer is expected to be on the order of 1 microsecond, the 
3 ' CnSe limit of a multiprocess cycle is 125 microseconds. 
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cusst^* sra L P^Sr (e - di * K controliers) 0 

lullh to PINTtOO. PINT1230 i. rt.tnr.d-. 

Sisals "NT l2 -010 (open-contctor) .re ^-^^J^ 1 ^ 

Waited through ill P»"P;«" 1 J i yi ri iX.ti° fr » S. Sy.ttS Board. «AKl|2-0 0 

E 0 £tr^ - nd no two 1/0 devices 

Kill be physically .epar.ted by »n empty slot. 

The interrupt- rtquest/.cKnowltdje .yndro»e <|»J'* WT ^$ , t °vi 1 l^'sti 1 1! 

request/acknowledge m th at a n0 7glitch and the .cheme used for 

PlWilO (and consequently PI^lU)0) »ay no^ gii ^ ^ with interrupt 

bus request/acknowledge (Figure nay «y 

request/acknowledge. PINTii]0 
A peripheral begins an interrupt operation by •"" tiB | h J cp^vm^ecolnize'the 
Jefer'to Figure 9. Af /" J" e ^^Uon lUe and .11 pending interrupt 
interrupt when the current program execution level and wh en execution 

request? are lower than the requesting .;%I t ; rr „ p t f the CPU wil 1 

reaches an instruction boundary. Upon ^ecogniiio opposed to accessing 

request to access a P"^*" 1 * - e * "* will generatV the appropriate 

main memory. When granted the *>us, the «U will g ^ ^ meffi 

interrupt acknowledgement Sir 23-0 JO are available. The CPU will 

controller until PR1W0, PW»J J"$ Q . n d plale an unspecified address on the 

indicate a read operation (PR WO 1 ) and piac f ce 8 _ b , 

bus; the CPU's J*« tiv « he JJ te rup^ vector of the requesting device will 
interrupt vector. The ^" ru P^ . cpu read cyc le. (Note: PIAM.Ut 

interrupt acknowledge cycle.) 

„,„..,« rp.c#ir>t Of PDTACKO allowing the 



,„pply th. best product P«"> « "J " ^tnor»orc .ssuo.es no respons . b: : s-.v 
£ KT.S'JI^i'u orMTco^.r lK.h .«» products. 

,5 rmli) viU bo reeved ..tor PIAKUIC ..U-.tic.U7 «i. h.rdv.r. (.... 
"autoclear") or by software. 
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,.,u..t .U». . pripher.. to ... "NTIiJO to block riMOUlO t ro» 

propagating. ) 

j'WistiT (Kf-ssssr. ■•>«««•"» «^**uii. o, u.. 

formation of the interrupt vector. 
3 7 Error Detection and Handling 

iitellliK? J.Jipher.1- rFAUO c.n b. .etiv.t.d .ny t«. 

mm Cbidir.ction.l, open-colUctor), .1.0 co-on »on t .11 ^"^''tUin^ 
currently only .ctiv.ted by the System »o.rd » preci pit,« PFLTO 

X^llTUV, ^cTS'-S .tit.!" % L? lt .nd interrupt, 

CPU The bus master ahall end the cycle on receipt of PFLTO. 

Parity is only checRed on data read fro. -In ^eVxpeTtl^to -n;fest 

I/O Bus. Most faults (eg. protocol errors > • UicKO P *oin» act:ve to 

themselves as bus timeouts. To this end, ine iim di the spe cified limit 

PPASO going inactive is measured by the "Jiter exceea £ f ^ ^ 

KJU'S.JSM^'iS- tiii. Ek/rfc. on.!. 

3.8 Autoconf iguration 

• 1 1 k. — ct »nd 3B 2 ivstem firmware will attempt 
On power up, all peripherals J*" * rt »J* ,n "3B 2-native" peripherals shall 

intervention i! necessary with CBA-b.sed peripherals.) 
A. ELECTRICAL REQUIREMENTS 

M »n 1 'O Bus 20 inches in length 
These electrical requirements are based on an l.O »« d (i . e . the 

^i^ri' .:i5 h .. ,, «..^r.; i .r..?^ r iicn«.^u P „ y - » 



(i.e. PCS! 15- 



PRIVATE 

- 5T.S fi-ii/S 5^ffirt.S SSKXK^- 



- 10 - 



74»m input i»d, .;d , /{^ "r^l.^u- « ^ °»p ?o ?oo °pv 



and ringing. 
4.1 Tiaing 

Thexft are five concerns with I/O Bus timing: 

1. Time of flight / bus skew 

2. Setup times 

3. Hold Times 

it. Bus cycle termination times 

5*. Bus cycle length - timeouts. 



^ rasas' : " . w >: r , 5- «i s r«s^-,ra 

strobe and on write data after removal of the da.a strobes. 



''""VlT'silT'i, could"'*.". S n ^vti'If'Urly „ .S.r PPASO Sad ».= • 
txctpuon » Sowfv"? PSROO Bv.it h.v, risen to . HIGH »t.te - vr.vch 

co"d t.ive u »=h"; isHlnosecond? - .t ».t SO nanoseconds .ft.r the ,-.,„.. 
have beer, driven HIGH.) 



. t ;,., u pc'zriAC Pt>TACKO and PFLTO reo.uire higr currer.: 

_ c . „ ;,. c rec- .rert-er.t. r-rtr.tr-.rre. :.. t ...ese - ' 

! ^le'Ioad lovers their maximum allowable tap capacitance fror *5 pf „e - 
p: lie Ihe maximum net capacitance fror 700 pf to 600 pf (Figure 12 . 

18. A minima* of .0 -noseconds guarantees that signals are in.ctiv, at 

XXSSo 0^: eX tL C ris:\ime he to W ihr;sh;l h d wou5d £e about 150 nanoseconds. 
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4.2 Current Driving/Loading Require*er>ts 

ft, Able be.ov .pecili.s . periphery ,-*^ «"! Bt 'Ul^ w!S.. V"*™ 
„; u *e«r,t5. (Current out of • t.n»».j » »»JC ' 2 ?» I " «, 6« .nd 646') 
Uiwrei.; device, ot the 7* LSTTL .tries (t.». «. USA. • pFLI0 

7407). 

4.3 Termination Resistors 

A priory objective of bus termination resistors is to elimina te^signal 
reflections as caused when bus ength js greater tnan a ifflpedance ef 

An unloaded bus with 12 nh and 3.5 pf per inch has a f0Dt 
about 59 ohms and a propagation de ay of "J 1 * ** £ (3B 2 /400), significantly 

^^ne 2 ^;:^ f iitr ^ 

iig^^^c!i^ C ca^ ejected. 

Although terminating the bus with its ^^^^^^ 
completely eliminate bus refections, »J "JJ^J^J, the address, data 

Some termination, however ,. would be helpful and, Jhereio , ^ ^ 

and status lines will be terminated in a network c ° ns ; S f ti ^ i ° Bodels win be 
and 560 ohms to ground. - All open-co J«tor • gnals ot a ohmJ ; 

pulled to VCC ; -" while daisy-chained signals will nave a nig v 



■ t.kuc 3 and 4 PSIZE160. PDTACKO and PFLTO are open- 
19. As indicated in Tables 3 and *, ™« f t j t A0 mA and puilup 

collector and require an lolcurren. drive ot worst -case charge time 



an: 



3 lcacs or, tne rer.air.infc s.gr.&.s. 



reducing reflections. 

PRIVATE 



- IB - 



TABLE 3. Peripheral Load Currents 



Type 


15 - 


ts 


IS - 


oc 


5 - 


tp 


5 


ip 


LS - 


tp 


LS - 


ts 


is - 


ts 


s - 


oc 


LS - 


oc 


S - 


oc 


LS - 


oc 


S - 


tp 


s - 


tp 


LS - 


ts 


LS - 


ts 


LS - 


ts 


LS - 


ts 


S - 


oc 


LS - 


oc 


LS - 


tp 



source 

periph 
periph 
sys/periph 
periph 

sys 
bi-direc 
bi-direc 
bi-direc 
periph 
bi-direc 
periph 
sys/periph 
periph 
periph 
bi-direc 
bi-direc 
bi-direc 
periph 
periph 
sys 



lol («A) ion IU (mA) Uh (mA) 



Signal 

PBUSTO 
PBRQO 
PBACKIO 
fBAf.00 
FCSl 

PD[f5-O0)0 

rosit-ojo 

PDTACKO 
PFAILO 
PFLTO 
PINTl2-0]0 
P1AKI12-030 
PIAKOl 2-0]0 
PLOCKO 
PPAt23-O0]1 
PPASO 
PR1W0 
PSIZ.E160 
RQRSTO 
STSRSTO 
Notes : 

U L s & -> d Schottky (or standard) driver 
LS -> Lov power Schottky driver 
ts "> tri-state 
oc ■> open-collector 

2 K.uaSTS'ih™-!* U oh» pullup re.i.tor. 

pul l-up ,.,i.tor on th. inpot x "the'ei^ci I 

Cot.ver.tiy. the other ""H"*™'-,^ . . ^^j,,,,). I.ble * preset: 
end of the I/O Bos. « "'/'^^".'tid teratniuonl (Coinc ider.taMy . these 



2* 
AO 
20 
20 
8 

2* 

24 

40 

40 

40 

40 

20 

20 

24 

24 

24 

24 

40 

40 

24 



-15 

-1 

-1 

-.4 

-15 

-15 



-1 
-1 
-15 
-15 
-15 
-15 



-1.2 



-.8 

-.8 

-9' 

-9 1 

-.8 

-.8 

-.8 

-.4 

-.8 

-.4 

-.8 

-9 ? 

-9 : 

-.8 

-.8 

-.8 

-.8 

- .4 

-.8 

-.8 



.OA 
.04 
. 1 
. 1 

.04 
.04 
.04 
.02 
.04 

.02 

.04 

.1 

. 1 

.04 

.04 

.04 

.04 

.02 
.0- 
.0- 



F lg ure 13 uses Thevenir,s theory to compute the ^^^^ v;lh 
resistance for each 3t 2 model on the J-*^;^ d . Ncte: in the interest 
« .inimuir. lol of 24mA or 40^A «r ••« er values will 5e used a— c^. 
of inventory Mn.jen«nt. on*y J »e. ncei £0uld use lewe r values, 

the shorter bus of the 3E ^/Juu, 
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4.4 Lead Parallelism 

The possibility of crosst.lK necessitates restricting the parallelism of some 
signal paths. 

"Crosstalk in digital systems is the coupling of an unwanted signal 
onJo a 'passive" ine (wire or net) due to the switching of adjacent 
" Uve'Tines' Tne coupling is . result of the mut ual xn uctance and 
elLeitance which is a function of the closeness of the lines. For 
^ofpSed lines ! . . ! crossta Ik is significantly larger if the lines are 
uniformly parallel." 15] 
TK.r- »r*> essentially two coupling situations. First, adjacent signals switch 

i " cLeJ. coupled vitt. bus bit,); .uch mu.Uon. ,r« 

prone to crosstalk. 

(ic grounds) Aud!ts should be used to flag potential coupling problem. 
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TABLE 4. Bus Termin»tion (Ohms) 



Sign* 1 


Type 


PBUSTO 


ts 


PBRQO 


oc 


PBACK1C 


■ tp 


PBACKOO 


tp 


peso 


tp 


PDll 5-O0]0 


ts 


PDSl 1-0]0 


ts 


PDTACKO 


oc 


PFAILO 


oc 


PFLTO 


oc 


PINT I 2-0 ]0' 


oc 


P1AKIU-030 


i tp 


PlAKOl 2-0)0 


tp 


PLOCKO 


ts 


PPAl 23-00 ]1 


ts 


PPASO 


ts 


PR1W0 


ts 


PSIZE160 


oc 


RQRSTO 


oc 


STSRSTO 


I tp 



SB 2/200 
termination 

390 
390 
Ik 

IK 
* 

390 
195 
390 
195 
390 
Ik 

* 
* 

390 
* 

195 
390 
390 



SB2/300 
termi nation 

390 
390 
Ik 

Ik 
* 

390 
195 
390 
195 
390 
1k 

* 

390 
* 

195 
390 
390 



3B2/400 
termination 

390 
390 
1k 

Ik 

390 
195 
390 
195 
390 
Ik 



390 

V: 



195 
390 
390 



location 

backplane 
backplane 

per iph . 
N/A 

per iph. 

backplane 

backplane 

backplane 

backplane 

backplane 

backplane 

per iph . 

N/A 

backplane 
backplane 
backplane 
backplane 
backplane 
backplane 
backplane 



Notes - 



Legend 
ts 

oc 

tp 



N/A - 



■ > 
• > 

■ > 

> 



tri-state 
open-cci lector 
totem-pole 

390 Ohms to VCC and 560 Ohms to CRD 
none 

Not Applicable 

390 ohms 



b) 195 ohms - 390 ohms 

c) PBRQO. PFAILO, PIKTI2-030 and RQRSTO may additionally be pulled 
up or. the System Board with A. 7k ohms if so desired. 
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5 KECHANICAL SPECIFICATIONS 

end £, respectively. 

At resent two dist.nct I/O Expansion^ J/° 

Expansion Board of the 3B 2/300 1 piug PCSIOA-OOO). The 

provide only four r i * r • 4 fc c ? / 2Sn S i 1 1 « i s o cli* into both A and B connectors. 
I/O Expansion Board of the 3B 2/400 w also plu| ^ d out)> Both 

yet provide twelve peripheral connec J?" n .d „I* between peripheral slots and 
Expansion Boards will route the » - »ned net b J ? he teriE;n£t in£ 

iall'B'SuiS- oJ^he I/O Expansion Boards. 



23. AMP model number 1-530SA3- 

24. AMP model number 530843-7 
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TABLE 5. I/O Expansion Connector A (100 pin) 

Pin Muaber Signal 



Pin Muaber 


Signal 


/ 


vcc 


3 


PPAl 22 ] 1 


5 


PPA[21 31 


' 7 


PPAl 19 j 1 


9 


PPA [ 18 J 1 


1 1 


vcc 


13 


PPA [16 31 


15 


PPA [ u ] 1 


17 


PPA[ 13] 1 


19 


PPA [1131 


21 


VCC 


23 


PPA[08 31 


25 


PPA [07 ]1 


27 


PPAl 05 J 1 


29 


PPA[0^31 


31 


VCC 


33 


PPAl 02 ] 1 


35 


PPA' 00] 1 


37 


PLOCKO 


39 


PPASO 


41 


VCC 


43 


PBRQO 


45 


PD I 1 5 3 1 


47 


PD ; 1 3 ] 1 


49 


pd ; 1 2 3 1 


51 


VCC 


53 


PD [ 10 3-1 


55 


PD [ 08 3 1 


57 


PD[0731 


59 


PD!05 3i 


61 


VCC 


63 


PDl 03 3 1 


65 


pd ; 02 3 1 


67 


pd ; 00 3 1 


69 


pds ; 1 30 


71 


VCC 


73 


PDTACKO 


75 


PFLTO 


/ / 


PFAILO 


79 


SYSRSTO 


F ' 


v:r 



S3 

85 

87 

89 

91 

93 

95 

97 

99 



RQF.S7C- 
PINT :0 3C 
PINT'. 1 30 
PIN 
VCC 

pcs;oi 30 

PCS10230 

PCS10330 

PCStOMO 



2 
4 
6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
8j 

s: 

8- 
86 
86 
90 
92 
94 
96 
98 
100 



PPA [23 31 
CRD 

PPAI2031 

CRD 

PPA[1731 
CRD 

PPA[ 1531 
CRD 

PPA[1231 

PPA[ 1031 
PPAl 09 31 
CRD 

PPA[06 31 
CRD 

PPAl 03 31 
CRD 

PPA[01 ]1 
GRD 
PR1W0 
CRD 

PBACKO 
CRD 

PD[ Ul1 
CRD 

PDl 1131 
CRD 

PD [ 09 j 1 
CRD 

PDl 06 31 
GRD 

PDl 0-31 
CRT 1 

PD101 31 
GRD 

PDS'. 030 

GRE 

PSIZE160 
GRD 

FBI'S YD 
GRD 

PIAK'O'C' 
PlAK. •■ 

piak;: ;c 
grd 

VBKUP 

GRD 

V12N 

CRD 

V12P 

CRD 
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TABLE 6. I/O Expansion Connector B (60 pin) 



Pin Number 


Signal 




Pin Nusber 


Signal 


/ 


vcc 




2 


PCS [05)0 


3 


vcc 




4 


CRD 


■5 


pcs:o6:o 




6 


CRD 


7 


vcc 




8 


GRD 


9 


vcc 




10 


CRD 


1 l 


PCSI07]0 




12 


CRD 


13 


VCC 




14 


CRD 


15 


vcc 




16 


CRD 


17 


PCS [08 30 




18 


CRD 


19 


vcc 




20 


CRD 


21 


vcc 




22 


CRD 


23 


PCS [ 09 30 




• 24 


CRD 


25 


VCC 




26 


CRD 


27 


VCC 




28 


GRD 


29 


PCS[10]0 




30 


CRD 


31 


vcc 




32 


GRD 


33 


vcc 




34 


CRD 


35 


PCS'. 1 1 ]0 




36 


GRT 


37 


vcc 




38 


GRD 


39 


! vcc 




40 


GRT 


4 1 


1 PCS [12 )0 




42 


GRS 


43 


I vcc 




44 


GRD 


45 


vcc 




46 


CRT' 


4 7 


PCS! 13 30 




48 


GRD 


49 


vcc 


1 


50 


GRD 


5! 


vcc 


! 


52 


CRD 


53 


pcsl u]0 




54 


CRD 


55 


vcc 




56 


GRD 


57 


vcc 




58 


CRD 


59 


PCS ; 15 3C 




60 


GRD 



The-e are two different sizes of I/O boards: about 6.5 inches by 7.4 inches 
J ! ; v d h° and 13.4 inches by 7.4 inches (double width . Figures I6e ar.c 
\li present s:ngle width measurements and topology for the CM19 fr.ny, ; 
16c Jreser.ts the pinout for a peripheral connector- » nd _ T *^! . , . . c ~£ 
signals present at eacn of these connectors. (Double width spe.-f.cs are .c be 

determined . ) 



25. AMP model number 1-530843-0 
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TABLE 7. Peripheral Connector (86 pin) 

Signal 



Pin HimK* r 

JT1D RWtTci 


cirni 1 




Pin Muaber 


f 


V12P 




2 


7 


V1 2N 




4 


_5 • 


PEACK10 




6 


7 


peso 




8 


o 


CRD 




to 


t f 


VBKUP 




12 


f ? 


PIAKOl 2 30 




H 


i< 

f J 


PIAKI 2 ]0 




16 


t 7 

f ¥ 


vec 




18 


1Q 


P1AK1 t 1 30 




20 




P1AK0[ 1 ]0 




22 


7 7 


pixxi ; o i o 




24 




CRD 




26 


9 7 






28 


90 

*y 


PlAKO! 010 




30 


7 1 
J 1 


PSIZE160 




32 


7 7 


PT>c; r 0 1 0 

I Is 3 , v J v 




34 


9 C 
JJ 


pn ' 0 1 11 




36 


■a 7 
J / 


\>T\U 




38 


70 

jy 


VT)' 041 1 




40 








42 


L 7 


PD [ 06 1 1 




44 




PD 1 09 3 1 




46 


L 7 


PDM 1 1 1 




48 


49 


GRD 




50 


C ' 

J i 


PD ' 1 A 1 1 




52 


t 7 

J J 


PRACKOO 

i y nu ivvv 




54 


€ t 


PR1 W0 




56 


g 7 

0 / 






58 






60 




PPA* 03 1 1 




62 


A 7 


PPA[06]1 




64 


a * 


CRD 




66 


v / 


PPA! 09 M 




68 


AO 


ppa: io: i 




70 


71 


PPA[12]1 




72 


73 


CRD 




74 


75 


I pfa;is:i 




76 


77 


: ppa;it:i ; 


! 7B 


79 


ppa'2o;- i 


\ 8 r 


6' 


; Orl 


! 5: 


S3 


pfa:23:* I 




85 


; ppa[2i;* i 


i 86 



PINT[2)0 

PINT 1 1 )0 

PINT[0j0 

RQRST0 

SYSRST0 

PFAIL0 

PFLTO 

GRD 

PDTACK0 
PDSI 1 ]0 
PD!O0j1 
FDL02] 1 
PD[03]1 
PD[05]1 
PD[ 0*7 ] 1 
CRD 

pdiob:^ 
pd; io*j 
pd[i2:i 

vec 

PD ! 1 3 M 

pd : 1 5 ; 1 

PBRQO 

GRD 

PPASO 

PLOCKO 

PPA [00] 

GRD 

PPAI02] 

pfa: ; 
ppa; 05; 
vec 

ppa;ot; 
ppaioe ; 
ppa: ' : 

GRD 

ppa: 13 : 
ppa; 
ppa; 16; 
gf.i 

a: ■ t : 
pfa; : 
ppa; : 
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6. PERFORMANCE OBJECTIVES 

Two different aspects of bus performance are discussed: bus efficiency and 
bandwidth. Achieving efficient and fair bus utilization are the overriding 
concerns here. (Refer to 12] for further discussion of these issues as well as 
bus occupancy.) 

\ Bus Efficiency 

WitJTin this document, bus efficiency is defined as the ratio of "time actively 
using bus" to "time holding bus." By actively using the bus, we mean a 
peripheral is progressing through an I/O Bus operation, asserting strobes for 
Huple as opposed to just sitting idle holding PBACKIO. A peripheral is 
considered holding the bus from the time PBACKIO is received until data strobes 
are driven inactive and tri-stated. 

All I/O Bus peripherals must approach a bus efficiency of 1001. Translated, all 
pe ipherals 'mus? begin sequencing through the desired I/O Bus operation 
im>edSateJv after receiving PBACKIO. This requirement, however, is more 1 kel> 
Jo be applicable to multiple access cycles. As an example, the use of Dha 
controllers which have separate fetch and deposit operations may not be used 
vUhin I multiple access cycle since doing so would severely underutilize the 
bus. Refer to 12] for details. 

6.2 Bus Bandwidth 

The amount of information (data) which can be transferred over the I/O Bus 
defines bus bandwidth. It is a function of the architecture of the I/O Bus as 
well as the efficiency of System Board arbiter and peripheral designs. Critical 
paths vithin each bus cycle are: 

1. PBRQO assertion to assertion of PBACKO (only for case of peripheral as bus 
master) . 

2. Active PBACKO (or PCSO if System Board CPU is master^ tc assertion of 
PDS[1-0]0. 

3. Active PDS; 1-OJ0 to assertion of PDTACKO. 

4. Active PDTACKO to removal of PDS[1-0j0. : ' 

5 Ina-"ve PDS'1-0j0 to start of next cycle (e.g. PEACKC asserted . 
Multiple accesses are performance effective m that this step is nc. 
re ievar.t . 



26. In the interest of system performance, a peripheral could latch read d£t£ 
with PDTACKO and asynchronously remove PDSM-OJ. 
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Prelin.in.ry design, achieve . eomUnt I/O Bus bandwidth of 2 .eg.bytes pe: 



second. 



The .bove definition of bnndwidth doesn't UK. into J*'""^ 
2.„|t .?ro» In "I !ph«r.!,. Obviously then, .n incrw.t n the nu»ber o 
SI wet S'iR to' .i fo .'col iIr e ..cn%,ri P h.?.l .tt.ched to the 

Board disk controller can occupy the bus up to 1 Billisecond.) 

An analysis/estimate of overall system performance is beyond the scope of this 



document . 
7. SUMMARY 



This document started with a brief overview of the SB 21/0 Bus followed by a 
discussion of the two types of peripherals: prog am*ed and nte 
i^epth functional descriptio, ; follow; ; speci ying ow!edge 
To c s. " o^nere^delveclnto the electricfl details of loading driving 
Jnd timing requirements: each tap may have at most 2 input and 1 ™ LS ; \ 

fesihffMISLS^ KTS H . H o 



second 
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